The activity of cefamandole and cefuroxime against oxacillin-resistant Staphylococcus epidermidis was studied in vitro to determine whether there was any relationship between oxacillin resistance phenotypes and cephalosporin activity. Oxacillin resistance phenotypes were determined by efficiency-of-plating studies on Mueller-Hinton agar containing oxacillin, with and without NaCl, and incubated at 30 and 35°C. On the basis of MIC and MBC determinations, cefamandole was more active than cefuroxime against oxacillin-resistant S. epidermidis. Although temperature had minimal effect on the activity of either cefamandole or cefuroxime, NaCl significantly decreased the activity of cefuroxime but not of cefamandole. Neither cephalosporin consistently produced -99.9% bactericidal activity within 24 h in timed killing-curve studies. No consistent relationship was observed between cefamandole or cefuroxime activity and oxacillin resistance phenotype.
According to current standards for antimicrobial susceptibility tests of the National Committee for Clinical Laboratory Standards, all methicillin-resistant staphylococci should be considered resistant to cephalosporins (8) . In recent studies, however, cefamandole has been shown to be active in vitro against methicillin-resistant Staphylococcus aureus and Staphylococcus epidermidis (3, 13) . Furthermore, when compared with cefazolin for prophylaxis in cardiac surgery patients, both cefamandole (M. R. Petracek, A. B. Kaiser, J. W. Lea, D. S. Kernodle, and A. C. Roach, Clin. Res. 35:21a, 1987) and cefuroxime have been associated with significantly fewer postoperative staphylococcal infections (11) . In contrast, cefamandole has not been consistently effective against methicillin-resistant staphylococci either in experimental models of infection (6) or in clinical studies (2, 4) . These discrepant results may be due to differences in degrees of methicillin resistance among strains of staphylococci (7) . Recently Hartman and Tomasz identified three phenotypes of methicillin-resistant S. aureus: homogeneous, heterogeneous, and thermosensitive heterogeneous (5) . Studies identifying phenotypes of methicillin-resistant S. epidermidis, however, have not been done. The objectives of our study were first to determine whether methicillin (oxacillin) resistance phenotypes similar to those identified for methicillin-resistant S. aureus exist among oxacillinresistant S. epidermidis and second to determine whether the resistance phenotype relates to the activity of cefamandole and cefuroxime against oxacillin-resistant S. epidermidis.
MATERIALS AND METHODS
Organisms. Blood culture isolates, identified specifically as S. epidermidis, were taken from 40 patients. Each isolate was initially characterized as being oxacillin resistant by disk diffusion susceptibility testing (16 (12) . Timed killing-curve studies. Organisms were inoculated into brain heart infusion broth and incubated at 35°C to obtain log-phase growth (2 to 3 h). The turbidity of each culture was adjusted to equal that of a no. 1 McFarland standard and diluted 1:10 to yield a final inoculum of between 106 and 107 CFU/ml. A 1:10 dilution of this inoculum was made in cation-supplemented MHB containing cefamandole or cefuroxime at 1x, 2x, and 4x the MIC for the strain tested and incubated at 30 and 35°C. One strain was also tested at 16x the cefamandole MIC at 35°C. Quantitative subcultures were performed at 0, 3, 6, and 24 h and incubated at 30 and 35°C for 48 h. Samples (100 [lI) were plated directly for colony counts, as were 100-pI samples of 1:10 dilutions thereof. The lower limit of sensitivity was approximately 10 CFU/ml.
RESULTS
The activity of oxacillin against the 40 strains of S. epidermidis is shown in Table 1 . Incubation at 35°C decreased the activity of oxacillin compared with incubation at either 30 or 37°C. Salt supplementation decreased the activity of oxacillin at all three temperatures.
On the basis of oxacillin MIC results at 30 and 35°C with and without 2% NaCl, five groups of oxacillin resistance were defined: (i) MIC at 30°C/MIC at 35°C 2 4 (3 strains), (ii) MIC at 35°C/MIC at 30°C 2 4 (6 strains), (iii) high-grade resistance (MIC 2 32 pg/ml) at both temperatures (6 strains), (iv) low-grade resistance (MIC = 2 to 4 pLg/ml) at both temperatures (6 strains), and (v) MIC with 2% NaCl/MIC without 2% NaCl 2 4 at 30 and/or 350C (17 strains). Two strains did not fit exactly into any one of these five groups.
Within groups 1 through 4, salt decreased the activity of oxacillin against some strains; however, the effect of temperature or the level of resistance appeared to be more important.
From each of the above five groups, three representative strains were selected for EOP study. Statistical analysis of the replicate sampling data showed no significant difference in the variability of the colony counts observed under each of the various conditions tested either within or between isolates. There were, however, significant differences under different conditions for specific organisms (P < 0.05), and overall there was a significant difference between growth and no growth on MHA containing 64 pug of oxacillin per ml (P < 0.001). On the basis of these analyses, the 15 organisms were recategorized as shown in Table 2 . Two major phenotype groups were identified: (i) low-grade oxacillin resistant, defined as no growth on MHA containing 64 ,ug of oxacillin per ml (5 strains), and (ii) high-grade oxacillin resistant, defined as growth on MHA containing 64 ,ug of oxacillin per ml (10 strains). Within each of these two major groups, organisms were further characterized according to the influence of temperature of incubation and salt supplementation of MHA. EOPs of temperature-stable strains did not differ significantly at 30 and 35°C, whereas EOPs of temperaturesensitive strains at 30°C were either higher (three low-grade oxacillin-resistant strains) or lower (one low-grade and two high-grade oxacillin-resistant strains) than their respective EOPs at 35°C. Salt supplementation (4%) enhanced growth (two strains), inhibited growth (six strains), had a variable effect at different temperatures and/or different concentrations of oxacillin (six strains), or had no effect (one strain).
The activities of cefamandole and cefuroxime against the 40 oxacillin-resistant strains of S. epidermidis are shown in Table 1 . With MIC breakpoints for both antibiotics of .8 and .32 pug/ml representing susceptibility and resistance, respectively, no strains were resistant to cefamandole. The number of strains resistant to cefuroxime varied from 7 (17.5%) at 30°C without 2% NaCl to 35 (87.5%) at 35°C with 2% NaCl. Incubation at 30°C did not significantly decrease the activity of either antibiotic compared with incubation at 35°C. In fact, cefuroxime appeared more active at the lower temperature. Salt supplementation of MHB only slightly decreased the activity of cefamandole against oxacillinresistant S. epidermidis, primarily affecting the MBC (Table  3) . In contrast, the activity of cefuroxime was significantly decreased in the presence of 2% NaCl, at both 30 and 35°C (Table 3) . MBC/MIC ratios for cefamandole and cefuroxime oxacillin-resistant subpopulations were either unchanged or differed by 1 dilution from those of the parent strains. A greater degree of change was observed under the following conditions: (i) MBCs of cefamandole at 35°C with 2% NaCl, which in two instances were fourfold higher, and (ii) MICs of cefuroxime at 30°C without 2% NaCl, which in three instances were actually lower against the highly oxacillinresistant subpopulations than against parent strains. Timed killing rates of cefamandole were determined with one representative strain from each of the five initial groups (based on MICs under the various test conditions) (Fig. 1) . Because MICs of Iefuroxime for two of these five strains (Fig. 2B,   30°C ). Incubation at 30°C compared with 35°C had variable effects on the activity of cefuroxime: activity was decreased against the strain in Fig. 2A , increased against the strain in Fig. 2B , and unchanged at 24 h against the strain in Fig. 2C methicillin-resistant S. aureus by Hartman and Tomasz (5). We did, however, find both temperature-stable and temperature-sensitive strains within each group. Moreover, in contrast to the observations by Hartman and Tomasz regarding methicillin-resistant S. aureus (5), we did observe a significant effect of salt supplementation of MHA. For some strains in our study the EOP phenotype correlated with the initial MIC-based grouping, but for other strains there was no correlation. Particularly striking was the influence of salt. In our EOP studies, the growth of several strains of oxacillin-resistant S. epidermidis was actually inhibited on MHA containing both oxacillin and 4% NaCl, whereas the MICs for the same strains were either unaffected or increased by 2% NaCl supplementation of MHB. One of the currently recommended methods for detecting methicillin-resistant S. aureus is a screening procedure involving the use of MHA containing 6 ,ug of oxacillin per ml and 4% NaCl (14) . Our data indicate that use of this method with isolates of S. epidermidis would misidentify some strains as susceptible. We therefore believe that the recommendation to supplement the agar used for the oxacillin screen with 4% NaCl should be evaluated specifically for S. epidermidis.
Menzies et al. observed that cephalosporin resistance in any coagulase-negative staphylococcal isolate was dependent on both the proportion of cells resistant to methicillin and the degree of methicillin resistance (7). We observed no consistent correlation between the oxacillin resistance phenotype based on EOP and the activity of the two cephalosporins tested against oxacillin-resistant S. epidermidis. Cefamandole appeared more active against oxacillinresistant S. epidermidis than did cefuroxime on the basis of MICs and MBCs. In contrast to data regarding cephalothin (1, 15) , incubation at 30°C did not significantly decrease the activity of either cefamandole or cefuroxime against oxacillin-resistant S. epidermidis. In fact, the activity of cefuroxime was greater at 30°C than at 35°C. Salt supplementation had minimal effect on the activity of cefamandole against oxacillin-resistant S. epidermidis, but significantly decreased the activity of cefuroxime. The clinical relevance of this finding, however, is unknown. Although cefamandole was more active than cefuroxime against oxacillin-resistant S.
epidermidis on the basis of conventional MIC and MBC test results, cefamandole inconsistently achieved .99.9% kill in timed killing-rate studies within 24 h. This suggests that the MBC may not accurately reflect the activity of the antibiotic in certain infections in which high bactericidal activity is required for cure.
